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Objectil·es. The purpose of this study was to analyze the 
frequency content of signal·averaged electrocardiograms (ECGs) 
in patients with idiopathic nntricular tachycardia of right nn-
tricular origin and in patients with arrhythmogenic right ventric-
ular dysplasia. 
Background. The late potentials in the time domains are 
usually found in patients with arrhythmogenic right nntricular 
dysplasia. They are not usually found in patients with idiopathic 
ventricular tachycardia of right ventricular origin. 
Methods. Fast Fourier transform analysis of signal·anraged 
ECGs was performed with the use of a Blackman·Harris window 
in 43 subjects: 20 normal volunteers (group I), 12 patients with 
idiopathic nntricular tachycardia of right \'entricular origin 
(group II) and 11 patients with arrhythmogenic right nntricular 
dysplasia (group III), and the frequency spectrum was displayed 
Idiopathic ventricular tachycardia of right ventricular origin 
is defined as nonsustained or sustained ventricular tachycar-
dia without clinically apparent heart disease, and is charac-
terized by its QRS configuration (left bundle branch block) 
during ventricular tachycardia (1-3). Reports of endomyo-
cardial biopsy findings (3-6) revealed histologic abnormali-
ties including fatty infiltration or interstitial fibrosis, in 60% 
to 90% of such patients. These histologic findings were also 
seen in patients with arrhythmogenic right ventricular dys-
plasia (7). Arrhythmogenic right ventricular dysplasia is due 
to a cardiomyopathy with hypokinetic areas involving the 
wall of the right ventricle (8-13). These patients present with 
ventricular tachycardia that generally has a left bundle 
branch block contour with right or left axis deviation (14). 
The signal-averaging technique has been used to detect 
low amplitude electrocardiograms (ECGs) on the body sur-
face at the end of the QRS complex (15-24). These signals 
are called late potentials and are considered a noninvasive 
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in a three·dimensional graph. Area ratio (ratio of the area under 
the spectral plot from 40 to 120 Hz to the area from 0 to 120 Hz) 
was calculated in all subjects. 
Results. Area ratio was significantly higher in group II than in 
group I (243 ± 45 vs. 196 ± 15, P < 0.01) and significantly higher 
in group III (396 ± 51) than in group I or II (p < 0.(01). The high 
frequency components in group II were confined within the QRS 
complex in the three-dimensional graph, whereas those in group 
III extended outside the QRS complex. 
Conclusions. Frequency analysis of the signal-averaged ECG 
with fast Fourier transform analysis can detect the high frequency 
components in patients with right ventricular tachycardia, includ· 
ing idiopathic nntricular tachycardia and arrhythmogenic right 
\'entricular dysplasia. 
(J Am Coli CardioI1992;20:1230-7) 
marker for areas of slow conduction requisite for reentrant 
arrhythmia. The late potentials in the time domain are 
usually found in patients with arrhythmogenic right ventric-
ular dysplasia (25). Conversely, they are not usually found in 
patients with idiopathic ventricular tachycardia of right 
ventricular origin (6,26). 
Fast Fourier transform analysis is a powerful analytic 
method for signal processing in the frequency domain that 
avoids the inherent limitations of high gain amplification and 
signal filtering required for analysis in the time domain 
(27-40). The purpose of this study was to analyze the 
frequency content of signal-averaged ECGs in patients with 
idiopathic ventricular tachycardia of right ventricular origin 
and in patients with arrhythmogenic right ventricular dys-
plasia. 
Methods 
Study subjects. The study group consisted of 43 subjects: 
20 normal volunteers (group I), 12 patients with idiopathic 
ventricular tachycardia of right ventricular origin (group II) 
and II patients with arrhythmogenic right ventricular dys-
plasia (group III). 
Group I (n = 20). Group I comprised 5 women and 15 
men without signs of heart disease, including normal findings 
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Table 1. Clinical and Histologic Findings in Patients With Idiopathic Ventricular Tachycardia (group II) 
Pt Age (yr)1 VT Rate Induction Area 
No. Gender QRS Configuration (beats/min) Method Ratio Frag Histologic Features 
341F LBBB,RAD,NSVT 180 P 244 No Mild fibrosis, fatty infiltration 
2 351M LBBB,RAD,NSVT 200 D 239 Qutll Mild fibrosis 
3 321M LBBB,RAD,SVT 194 S 285 No Mild fibrosis, fatty infiltration 
4 53/M LBBB,RAD,NSVT 180 200 No Normal 
5 161M LBBB,RAD,NSVT 160 No 225 No Normal 
6 56/M LBBB,RAD,NSVT 180 No 215 No Normal 
7 46IF LBBB,RAD,NSVT ISO I 213 No Mild myocardial hypertrophy 
8 64/M LBBB,RAD,NSVT 170 226 No Normal 
9 311F LBBB,RAD,NSVT 220 P 220 No Fatty infiltration 
10 241M LBBB,RAD,NSVT 200 D 364 No Mild fibrosis, fatty infiltration 
II 47/M LBBB,RAD,NSVT 200 P 239 No Fatty infiltration 
12 381M LBBB,RAD,NSVT 180 P 243 No Fatty infiltration 
F = female; Frag = fragmentation in endocardial mapping; Induction Method = induction of ventricular tachycardia by single extrastimuli (S), double 
extrastimuli (D), rapid ventricular pacing (P) or isoproterenol infusion (I); LBBB = left bundle branch block configuration; M = male; NSVT = nonsustained 
ventricular tachycardia; Qutll = right ventricular outllow tract; Pt = patient; RAD = rightward frontal plane axis (axis 00 to 1800 with a predominantly positive 
QRS complex in leads III and a VF); SVT = sustained ventricular tachycardia; VT = ventricular tachycardia. 
on physiologic examination, electrocardiography, chest 
X-ray study and echocardiography. The mean age was 
36.6 ± 10.2 years. 
Group II (n = 12) (Table 1). These 12 patients, 3 women 
and 9 men, had a mean age of 38.2 ± 12.5 years at the time 
of our evaluation. The period of time since onset of symp-
toms was 1 to 4 years (mean 1.8), and the rate of clinical 
ventricular tachycardia was 160 to 220 beats/min. In all 12 
patients, the QRS configuration during ventricular tachycar-
dia had a pattern ofleft bundle branch block with an inferior 
axis. Eleven patients had nonsustained and one patient had 
sustained ventricular tachycardia. The absence of organic 
heart disease was diagnosed by normal findings on 1) cardiac 
examination, 2) electrocardiography, 3) chest X-ray study, 
4) submaximal treadmill exercise test (lack of significant ST 
depression or ST elevation during or after the test), 5) 
echocardiography (no structural cardiac abnormalities, no 
enlargement of the cardiac chambers, normal left and right 
ventricular wall thickness and normal left and right ventric-
ular wall motion), 6) right and left ventriculography, and 7) 
nuclear magnetic resonance imaging. The right ventricular 
origin of the tachycardia was determined by ventricular 
endocardial mapping during ventricular tachycardia or pace-
mapping. 
Group III (II = 11) (Table 2). These 11 patients, all men, 
had a mean age of 38 ± 9 years. Diagnosis of arrhythmogenic 
right ventricular dysplasia was made on the basis of results 
of electrocardiograms during ventricular tachycardia and 
sinus rhythm, echocardiograms, right ventricular angio-
grams and right endomyocardial biopsy findings. The rate of 
clinical ventricular tachycardia was 170 to 240 beats/min. 
The QRS complex during ventricular tachycardia had a left 
bundle branch block pattern with a superior axis in eight and 
an inferior axis in three. 
Signal-averaged electrocardiograms. Signal averaging 
was performed with the L VP-I 0 IEPX (Arrhythmia Research 
Technology). Antiarrhythmic medications were discontin-
ued at least 3 days before the study. Signal-averaged elec-
trocardiograms were recorded during sinus rhythm (standard 
bipolar orthogonal leads X, Y and Z), and 350 beats were 
Table 2. Clinical and Histologic Findings in Patients With Arrhythmogenic Right Ventricular Dysplasia (group III) 
Pt Age (yr)1 QRS VT Rate Induction Area 
No. Gender Configuration (beats/min) Method Ratio Frag Histologic Features 
40/M LBBB,LAD 220 D 421 Inll Fibrosis, fatty infiltration 
2 4S/M LBBB, LAD 240 D 474 Inll Fibrosis, fatty infiltration 
3 421M LBBB,LAD ISO I 348 Inll Fibrosis, fatty infiltration 
4 45/M LBBB,RAD 240 D 357 Qutll Fibrosis, fatty infiltration 
5 391M LBBB, LAD 185 D 380 Inll Fibrosis, fatty infiltration 
6 351M LBBB,RAD 220 398 Qutll Fibrosis, fatty infiltration 
7 161M LBBB,RAD 220 D 360 Qutll Fibrosis, fatty infiltration 
8 261M LBBB, LAD 200 D 420 Inll Fibrosis, fatty infiltration 
9 45/M LBBB,LAD 240 D 352 Inll Fibrosis, fatty infiltration 
10 5 11M LBBB,LAD 220 P 412 Inll Fibrosis, fatty infiltration 
II 44/M LBBB,LAD 170 P 382 Inll Fibrosis, fatty infiltration 
Inll = right ventricular inllow; LAD = left axis deviation; other abbreviations as in Table I. 
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averaged to obtain a noise level of <0.3 JL V. The signals 
were amplified, digitized, averaged and filtered with a bi-
directional filter at frequencies of25 to 250 Hz. The duration 
of the total filtered QRS complex, the duration of the filtered 
QRS complex after the voltage decreased to <40 JL V and the 
root-mean-square of the amplitude of signals in the last 40 ms 
of the filtered QRS complex were determined by a computer 
algorithm. Late potentials were considered to be present if 
any two or all three of the following criteria were met: l) the 
duration of the filtered QRS complex was> 120 ms; 2) the 
duration of the filtered QRS complex after the voltage 
decreased to <40 JLV was >40 ms; and 3) root-mean-square 
voltage during the last 40 ms of the filtered QRS complex 
was <20 JLV. 
Fast Fourier transform analysis. Fast Fourier transform 
analysis was performed on the terminal 20 ms of the QRS 
complex and ST segment of each signal-averaged X, Y and Z 
lead. For each region of interest, a 120-ms interval was 
calculated with a four-term Blackman-Harris window to 
reduce spectral leakage. The mean of all data values was 
subtracted after windowing. After fast Fourier transform 
analysis, the data were plotted on a high resolution plotter, 
and were expressed as a ratio of the area under the spectral 
plot between 40 and 120 Hz divided by the area under the 
spectral plot between 0 and 120 Hz. For patient to patient 
comparison, the individual X, Y and Z values for the area 
ratios were averaged arithmetically and multiplied by 1 x 106 
to facilitate graphic display. 
Three-dimensional frequency analysis. Three-dimensional 
frequency analysis was performed according to Haberl et al. 
(36,37). The ST segment was divided into 25 segments: the 
first segment started 30 ms after the end of the QRS 
complex, subsequent segments started progressively earlier 
in the ST segment in steps of 2 ms and the 25th segment 
started 20 ms inside the QRS complex. The frequency 
components of each segment were calculated by Fourier 
transform with a Blackman-Harris window (120 ms interval). 
In the power spectrum, the frequency (in Hz) (range 0 to 
200 Hz) was plotted versus transform magnitude in a loga-
rithmic scale in decibels. The 25 frequency spectra were 
combined into a three-dimensional plot. 
Electrophysiologic studies. Electrophysiologic studies 
were performed within I to 30 days (mean 7) after the 
signal-averaging study. After giving informed written con-
sent, patients underwent electrophysiologic studies while 
they were in the postabsorptive state. Antiarrhythmic med-
ications were discontinued at least 3 days before the studies. 
Left and right ventricular endocardial electro grams were 
recorded by a 6F bipolar catheter with an interelectrode 
distance of 1 ern. The presence of fragmented electrograms 
during normal sinus rhythm was examined by recording an 
electrogram from 8 sites for the right ventricle and 12 sites 
for the left ventricle. Fragmented electrograms were defined 
as multiple components, a duration >60 ms, and a peak to 
peak amplitude <I mV. Atrial pacing, programmed ventric-
ular extrastimulation and ventricular rapid pacing were 
performed for induction of ventricular tachycardia as previ-
ously reported (26). During programmed ventricular extra-
stimulation, the ventricle was paced at two cycle lengths 
(600 and 400 ms). If a single ventricular extrastimuli failed to 
elicit ventricular tachycardia, timed double or triple ventric-
ular extrastimuli were delivered until ventricular tachycardia 
was provoked or until all extrastimuli failed to evoke ven-
tricular responses. If ventricular tachycardia was not in-
duced with the extrastimuli, incremental ventricular rapid 
pacing at cycle lengths of 400 to 240 ms for periods of 5 to 
30 s was performed. Stimulation was first performed at the 
right ventricular apex, but when ventricular tachycardia was 
not induced, the same stimulation protocols were repeated at 
the right ventricular outflow tract. When ventricular tachy-
cardia was not induced by stimulation at either the right 
ventricular apex or the right ventricular outflow tract, iso-
proterenol was infused at a rate of I to 4 JLg/min. A rate of 
isoproterenol infusion was chosen that increased the sinus 
rate by at least 20% or to 2:120 beats/min, whichever was 
greater. If spontaneous ventricular tachycardia did not occur 
during isoproterenol infusion, programmed stimulation was 
repeated with single and double extrastimuli during sinus 
rhythm and at a paced cycle length of 400 ms. The tachy-
cardia was considered inducible only when the induced 
ventricular tachycardia replicated the spontaneous tachycar-
dia in both morphologic characteristics and rates. The site of 
origin of ventricular tachycardia was determined by record-
ing the site of earliest activation during tachycardia of eight 
sites in the right ventricle. Sustained ventricular tachycardia 
was that lasting >30 s or requiring termination because of 
hemodynamic decompensation. Nonsustained ventricular 
tachycardia was defined as 2:3 consecutive ventricular beats 
of tachycardia but a duration of <30 s. 
Treadmill exercise tests were performed by the Bruce 
protocol. Ventricular tachycardia was considered provok-
able by exercise if it occurred during or immediately after 
exercise. 
Cardiac catheterization and endomyocardial biopsy. Car-
diac catheterization, including right and left ventricular 
angiography and coronary arteriography, and endomyocar-
dial biopsies were performed in all patients. Left and right 
cineventriculograms and coronary arteriograms were quali-
tatively evaluated by three experienced angiographers for 
segmental ventricular wall motion abnormalities, valvular 
lesions and the presence of significant coronary artery 
disease defined as >75% narrowing of lumen diameter. 
Endomyocardial biopsy was performed immediately after 
the study. Two or three biopsy specimens were obtained 
from the right ventricle, including the outflow tract and free 
wall. Each specimen was evaluated by light microscopy by 
three of us for endocardial surface alterations, myocardial 
cell changes, vascular abnormalities and inflammatory cell 
infiltrates, and the degrees of fatty infiltration and fibrosis 
were classified as mild, moderate and severe. 
Statistical analysis. Data are presented as mean value ± 1 
SD. One-way analysis of variance and Scheffe F test were 
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used for group comparisons. Significance refers to a value of 
p < 0.05. 
Results 
Signal-averaged electrocardiograms by time domain anal-
ysis (Fig. 1). Filtered QRS durations were <120 ms in all 
Figure 2. Comparison of values for the area ratios (40-
120/0-120 Hz) in normal subjects (group I), patients with idiopathic 
ventricular tachycardia of right ventricular origin (group II) and 
patients with arrhythmogenic right ventricular dysplasia (group III). 
The horizontal bars indicate the mean values. 
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Figure 1. Duration of the total filtered QRS complex (left panel), 
duration after voltage decreased to <40 p.V (middle panel), and 
root-mean-square voltage during the last 40 ms (right panel) for the 
normal subjects (group I), patients with idiopathic ventricular tachy-
cardia of right ventricular origin (group II) and patients with 
arrhythmogenic right ventricular dysplasia (group III). The bars 
indicate the mean value ± 1 SD. The horizontal dotted lines indicate 
normal limits. 
subjects in groups I and II, and> 120 ms in 8 of the 11 
patients in group III. Values of <40 p.,V duration were 
>40 ms in 1 patient in group II and in 10 patients in group 
III. Root-mean-square voltages in the last 40 ms were <20 
JLV in 1 patient in group II and in 10 patients in group III. 
No patient in group II showed abnormal values for more 
than one of these three criteria by the time domain anal-
ysis. 
Fast Fourier transform analysis (Fig. 2). The mean value 
of area ratio in group II was significantly higher than that in 
group 1(243 ± 45 vs. 196 ± 15, p < 0.01). Ten (83%) of 12 
group II patients had a value greater than the maximal value 
of area ratio in group I control subjects. The mean value of 
area ratio in group III (389 ± 42) was significantly higher 
than that in group II (p < 0.001). 
Three-dimensional frequency analysis (Fig. 3). The three-
dimensional frequency analysis in group I showed no high 
frequency components > 10 dB. In contrast, 7 of the 12 
patients in group II had high spectral peaks of 40 to 120 Hz 
in segments at the end of but inside the QRS complex, and all 
patients in group III had high spectral peaks in segments at 
the end of and outside the QRS complex. 
Electrophysiologic characteristics. Group II. Ventricular 
tachycardia was induced during electrophysiologic studies in 
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Figure 3. Spectral maps from a normal control subject (group I) 
(upper panel), a patient with idiopathic ventricular tachycardia of 
right ventricular origin (group II) (middle panel) and a patient with 
arrhythmogenic right ventricular dysplasia (group III) (lower panel). 
The map from the normal control subject has no high frequency 
components (>40 Hz). The map from the patient with idiopathic 
ventricular tachycardia had high spectral peaks (>40 Hz) > 10 dB in 
segments at the end of but inside the QRS complex (0 to -20 ms). 
The map from the patient with arrhythmogenic right ventricular 
dysplasia has high spectral peaks in segments at the end of and 
outside the QRS complex. 
10 of these 12 patients. It was initiated by ventricular 
extrastimuli in three patients, by rapid ventricular pacing 
without isoproterenol infusion in four and by isoproterenol 
infusion and pacing in three. Overdrive acceleration was not 
observed in any patient. A fragmented electrogram was 
recognized in only one patient. The tachycardia originated in 
the right ventricular outflow tract in all patients. Treadmill 
testing was performed in all patients, and ventricular tachy-
cardia was evoked in six. 
Group Ill. Sustained ventricular tachycardia was in-
duced during electrophysiologic studies in all patients. Six-
teen ventricular tachycardias were initiated by ventricular 
extrastimuli in seven patients, by ventricular rapid pacing in 
two and by isoproterenol infusion in two. Sustained ventric-
ular tachycardia could be terminated by programmed stim-
ulation in all patients. Fragmented activity was found in the 
inflow region of the right ventricle in eight patients and in the 
right ventricular outflow tract in three. All ventricular tachy-
cardias originated at or near the area where the endocardial 
electrograms recorded the fragmented activities. Treadmill 
testing was performed in nine patients and sustained ventric-
ular tachycardia was evoked in four. 
Cardiac catheterization and endomyocardial biopsy. All 
patients in group II had normal findings on right and left 
ventriculography. However, right ventricular enlargement 
was evident by angiography in all group III patients, and two 
patients had systolic bulging of the right ventricular in-
fundibulum. The mean right ventricular ejection fraction was 
33% (range 20% to 43%), the mean left ventricular ejection 
fraction was 68% (range 48% to 76%) and left ventricular size 
and contraction were normal in all patients. 
In group II, mild interstitial fibrosis was found in four 
patients, fatty infiltration in six, and mild myocardial hyper-
trophy in one patient (Table 1). All patients in group III had 
various amounts of intramyocardial fibrosis and massive 
fatty tissue infiltrates in the myocardium (Table 2). Endo-
myocardial biopsy findings in the patients with idiopathic 
ventricular tachycardia were similar to those in the patients 
with arrhythmogenic ventricular tachycardia (Fig. 4). 
Discussion 
Arrhythmogenic right ventricular dysplasia. Marcus et al. 
(7) proposed that this condition was a specific cardiomyop-
athy limited to the right ventricle. Localized hypokinesia in 
the dilated right ventricle is demonstrated angiographically, 
and the right ventricle is dilated and has excessive adipose 
tissue in the subepicarrlium (7-10). Arrhythmogenic right 
ventricular dysplasia is accompanied by recurrent episodes 
of ventricular tachycardia having a left bundle branch block 
pattern that can usually be induced by electrical stimulation, 
suggesting a reentrant mechanism (26). 
During programmed electrical stimulation, predictable 
and reproducible initiation and termination of ventricular 
tachycardia have been considered to be a hallmark of 
reentry. Fragmented electrograms were demonstrated in the 
right ventricle of patients with arrhythmogenic right ventric-
ular dysplasia. These areas of slow conduction, in conjunc-
tion with endomyocardial biopsy findings of fatty infiltration, 
a decrease in myocardial fibers and intramyocardial fibrosis 
in the dysplastic right ventricle, may cause inhomogeneity of 
activation and recovery and thus promote reentry. 
Idiopathic ventricular tachycardia. This condition is de-
fined as sustained or non sustained ventricular tachycardia 
without clinically apparent heart disease 0-3). The rela-
tively high incidence of induction of tachycardia by rapid 
pacing and isoproterenol infusion in patients with this con-
dition, although not inconsistent with a reentrant mecha-
nism, is compatible with the mechanism of triggered activity. 
However, overdrive acceleration, which is characteristic of 
triggered activity, was not observed in any patient with 
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Figure 4. Endomyocardial biopsy specimen from a patient with 
idiopathic ventricular tachycardia of the right ventricular origin 
(group II) showing mild interstitial fibrosis and fatty infiltration (A). 
The representative section from the biopsy specimen of a patient 
with arrhythmogenic right ventricular dysplasia (group III) reveals 
excessive adipose tissue infiltration and marked interstitial fibrosis 
(B). Hematoxylin-eosin x50, reduced by 30%. 
idiopathic ventricular tachycardia. Also, the cycle length of 
induced tachycardia was not influenced by the mode of 
induction. Furthermore, no patient with idiopathic ventric-
ular tachycardia responded to verapamil, and most re-
sponded to beta-adrenergic blocking agents. Buxton et al. (1) 
reported that the responses to pacing and drugs in patients 
with idiopathic ventricular tachycardia were most consistent 
with reentry. However, the exact mechanisms responsible 
for idiopathic ventricular tachycardia of right ventricular 
origin is still question at this time. 
The pathophysiologic basis for idiopathic ventricular 
tachycardia is unclear, although the incidence of abnormal 
ventricular histologic findings on biopsy in patients with this 
arrhythmia was previously reported (3-6) to be 60% to 90%. 
Mehta et al. (6) demonstrated that late potentials of the 
patients with idiopathic ventricular tachycardia were asso-
ciated with an increase in fibrosis. In the present study, 
endomyocardial biopsy findings in some patients with idio-
pathic ventricular tachycardia were similar to those of the 
patients with arrhythmogenic right ventricular dysplasia. 
The biopsy may identify disease at a relatively early stage 
before overt ventricular abnormalities develop. These find-
ings suggest that some patients with idiopathic ventricular 
tachycardia of right ventricular origin have the same 
pathologic characteristics as patients with arrhythmogenic 
right ventricular dysplasia. 
Frequency analysis versus time domain techniques in de-
tection of idiopathic ventricular The present 
analysis using time domain failed to detect late 
potentials in all patients with idiopathic ventricular tachy-
cardia. Few data have been published on signal-averaged 
ECGs in patients with idiopathic ventricular tachycardia. 
Buxton et al. (1) reported that no patient displayed an 
abnormally wide filtered QRS complex, only one patient had 
a low amplitude high frequency signal in the terminal QRS 
complex, and discrete high frequency signals in the ST 
segment were not observed in 30 patients with idiopathic 
ventricular tachycardia originating in the right ventricle. 
Mehta et al. (6) reported that late QRS potentials were found 
in only 7 (18%) of the 38 patients with idiopathic ventricular 
tachycardia of right and left ventricular origin. These find-
ings indicate a poor detectability of the late potentials by 
time domain techniques in patients with idiopathic ventric-
ular tachycardia. 
Fast Fourier transform analysis of the signal-averaged 
ECG has been proposed for identifying patients who are 
likely to develop sustained ventricular tachycardia after 
myocardial infarction (28-40). Cain et al. (28,29) demon-
strated in patients with ventricular tachycardia and previous 
myocardial infarction a high frequency content of the ST 
segment after signal averaging. In addition, Haberl et al. 
(36,37) used spectrotemporal mapping of the ECGs with fast 
Fourier transform analysis for better identification of pa-
tients with ventricular tachycardia. Frequency analysis of-
fers several advantages. First, complex high pass filtering is 
not necessary; this is an important advantage because the 
frequency content of late potentials is low and cutoff fre-
quencies may abolish late potentials. Second, the definition 
of the end of the QRS complex is not a crucial factor and 
patients with bundle branch block need not be excluded. As 
a consequence, frequency analysis is more specific than time 
domain analysis without loss of sensitivity. 
Late potentials were not detected time domain analy-
sis, but high frequency components were detected by fre-
quency analysis in patients with idiopathic ventricular tachy-
cardia of right ventricular origin. It is suggested that 
frequency analysis of the signal-averaged EeG is more 
sensitive for identifying patients with idiopathic ventricular 
tachycardia than is time domain analysis. Failure to record a 
late potential in the time domain may arise from limited and 
brief fragmented electrograms. 
Limitations of the The present criteria for late 
potentials generally used in our country are based on several 
excellent reports (16,22). A Task Force Committee of the 
European Society of Cardiology, the American Heart Asso-
ciation and the American College of recently 
established standards for data acquisition and analysis of 
signal-averaged ECGs. These data were based on patients 
1236 KINOSHITA ET AL. 
FREQUENCY ANALYSIS OF SIGNAL-AVERAGED ELECTROCARDIOGRAM 
JACC Vol. 20. No.5 
November 1. 1992:1230-7 
with myocardial infarction; therefore, it is a question 
whether these criteria are the most powerful discriminators 
of patients with right ventricular tachycardia. 
Frequency analysis also has not yet refined criteria 
and unified data analysis, including the choice of window 
function, the segment length of the window, and area 
ratio (42). Various area ratios have been used by others: 
20-50/10-50 Hz (Lindsay et al.) (32), 60-120/0-30 Hz (Hab-
erl et al.) (36) and 60-120/0-120 Hz (Pierce et al.) (39). 
However, all of these area ratios were used in patients with 
coronary artery disease. The present study used an area 
ratio of 40-120/0-120 because high frequency peaks exist in 
the range of 40 to 120 Hz in most patients with idiopathic 
ventricular tachycardia and arrhythmogenic right ventricular 
dysplasia. The clinical value of this area ratio should be 
tested in a larger study group, and further work must be done 
with other area ratios and segment lengths. 
Endomyocardial biopsy specimens are limited to a very 
small area in the right ventricle. And the prevalence of 
abnormal pathologic findings in normal subjects has not been 
defined. Furthermore, the association of ventricular arrhyth-
mias with histopathologic abnormalities does not establish a 
causal relation. Thus, we should not consider that all pa-
tients with idiopathic ventricular tachycardia have an early 
stage of arrhythmogenic right ventricular dysplasia or idio-
pathic cardiomyopathy. The significance of the pathologic 
characteristics of the myocardium in patients with idiopathic 
ventricular tachycardia can only be evaluated when the 
long-term clinical course is known. 
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